Following a request from the European Commission, the EFSA Plant Health Panel performed a pest categorisation of Melampsora medusae, a well-defined and distinguishable fungal species of the family Melampsoraceae. The pathogen is regulated in Annex IAI of Council Directive 2000/29/EC as a harmful organism whose introduction into the EU is banned. M. medusae is a heteroecious rust fungus with Populus spp. as primary telial hosts and various conifers (Larix, Pinus, Pseudotsuga, Abies, Picea and Tsuga spp.) as secondary aecial hosts. M. medusae is native to North America and has spread to South America, Africa, Asia, Oceania, as well as the EU, where M. medusae f. sp. deltoidae has been reported with a restricted distribution and low impacts from Belgium, south-west France and southern Portugal. The pest could spread to other EU countries, via dissemination of spores, movement of host plants for planting and cut branches. Climate is assumed not to be a limiting factor for the establishment of the pathogen in the EU. M. medusae is the most widespread and important Melampsora rust in North America. In western Canada, extensive damage has been reported to conifers and Populus spp. in nurseries and plantations as well as in woodlands. M. medusae is damaging in both Australia and New Zealand. The pest could have economic and environmental impacts in the EU if aggressive isolates of M. medusae were introduced into the EU. Import prohibition of host plants for planting is an available measure to reduce the risk of further introductions. Some resistant Populus cultivars are available. Moreover, increasing the genetic diversity of poplar plantations can prevent disease impacts. The main uncertainty concerns the factors explaining the low pathogenicity of the populations of M. medusae present in the EU. The criteria assessed by the Panel for consideration as a potential quarantine pest are met (the pest is present, but with a restricted distribution, and is officially under control). Given that plants for planting are not the main pathway of spread, not all criteria for consideration as a regulated non-quarantine pest are met.
Council Directive 2000/29/EC 1 on protective measures against the introduction into the Community of organisms harmful to plants or plant products and against their spread within the Community establishes the present European Union plant health regime. The Directive lays down the phytosanitary provisions and the control checks to be carried out at the place of origin on plants and plant products destined for the Union or to be moved within the Union. In the Directive's 2000/29/EC annexes, the list of harmful organisms (pests) whose introduction into or spread within the Union is prohibited, is detailed together with specific requirements for import or internal movement.
Following the evaluation of the plant health regime, the new basic plant health law, Regulation (EU) 2016/2031 2 on protective measures against pests of plants, was adopted on 26 October 2016 and will apply from 14 December 2019 onwards, repealing Directive 2000/29/EC. In line with the principles of the above mentioned legislation and the follow-up work of the secondary legislation for the listing of EU regulated pests, EFSA is requested to provide pest categorizations of the harmful organisms included in the annexes of Directive 2000/29/EC, in the cases where recent pest risk assessment/pest categorisation is not available.
Terms of reference
EFSA is requested, pursuant to Article 22(5.b) and Article 29(1) of Regulation (EC) No 178/2002, 3 to provide scientific opinion in the field of plant health.
EFSA is requested to prepare and deliver a pest categorisation (step 1 analysis) for each of the regulated pests included in the appendices of the annex to this mandate. The methodology and template of pest categorisation have already been developed in past mandates for the organisms listed in Annex II Part A Section II of Directive 2000/29/EC. The same methodology and outcome is expected for this work as well.
The list of the harmful organisms included in the annex to this mandate comprises 133 harmful organisms or groups. A pest categorisation is expected for these 133 pests or groups and the delivery of the work would be stepwise at regular intervals through the year as detailed below. First priority covers the harmful organisms included in Appendix 1, comprising pests from Annex II Part A Section I and Annex II Part B of Directive 2000/29/EC. The delivery of all pest categorisations for the pests included in Appendix 1 is June 2018. The second priority is the pests included in Appendix 2, comprising the group of Cicadellidae (non-EU) known to be vector of Pierce's disease (caused by Xylella fastidiosa), the group of Tephritidae (non-EU), the group of potato viruses and virus-like organisms, the group of viruses and virus-like organisms of Cydonia Mill., Fragaria L., Malus Mill., Prunus L., Pyrus L., Ribes L., Rubus L. and Vitis L. and the group of Margarodes (non-EU species). The delivery of all pest categorisations for the pests included in Appendix 2 is end 2019. The pests included in Appendix 3 cover pests of Annex I part A section I and all pests categorisations should be delivered by end 2020.
For the above mentioned groups, each covering a large number of pests, the pest categorisation will be performed for the group and not the individual harmful organisms listed under "such as" notation in the Annexes of the Directive 2000/29/EC. The criteria to be taken particularly under consideration for these cases are the analysis of host pest combination, investigation of pathways, the damages occurring and the relevant impact.
Finally, as indicated in the text above, all references to 'non-European' should be avoided and replaced by 'non-EU' and refer to all territories with exception of the Union territories as defined in Article 1 point 3 of Regulation (EU) 2016/2031. 
Interpretation of the Terms of Reference
Melampsora medusae is one of a number of pests listed in the Appendices to the Terms of Reference (ToR) to be subject to pest categorisation to determine whether it fulfils the criteria of a quarantine pest or those of a regulated non-quarantine pest (RNQP) for the area of the EU.
2.
Data and methodologies 2.1. Data
Literature search
A literature search on M. medusae was conducted at the beginning of the categorisation in the ISI Web of Science bibliographic database, using the scientific name of the pest as well as its synonyms, as search terms. Relevant papers were reviewed and further references and information were obtained from experts, as well as from citations within the references and grey literature.
Database search
Pest information, on host(s) and distribution, was retrieved from the European and Mediterranean Plan Protection Organization (EPPO) Global Database (EPPO, 2018) and relevant publications.
Data about the import of commodity types that could potentially provide a pathway for the pest to enter the EU and about the area of hosts grown in the EU were obtained from EUROSTAT (Statistical Office of the European Communities).
The Europhyt database was consulted for pest-specific notifications on interceptions and outbreaks. Europhyt is a web-based network run by the Directorate General for Health and Food Safety (DG SANTE) of the European Commission, and is a subproject of PHYSAN (Phyto-Sanitary Controls) specifically concerned with plant health information. The Europhyt database manages notifications of interceptions of plants or plant products that do not comply with EU legislation, as well as notifications of plant pests detected in the territory of the Member States (MS) and the phytosanitary measures taken to eradicate or avoid their spread.
Methodologies
The Panel performed the pest categorisation for M. medusae following guiding principles and steps presented in the EFSA guidance on the harmonised framework for pest risk assessment (EFSA PLH Panel, 2010) and as defined in the International Standard for Phytosanitary Measures No 11 (FAO, 2013) and No 21 (FAO, 2004) .
In accordance with the guidance on a harmonised framework for pest risk assessment in the EU (EFSA PLH Panel, 2010), this work was started following an evaluation of the EU plant health regime. Therefore, to facilitate the decision-making process, in the conclusions of the pest categorisation, the Panel addresses explicitly each criterion for a Union quarantine pest and for a Union RNQP in accordance with Regulation (EU) 2016/2031 on protective measures against pests of plants, and includes additional information required in accordance with the specific terms of reference received by the European Commission. In addition, for each conclusion, the Panel provides a short description of its associated uncertainty. Table 1 presents the Regulation (EU) 2016/2031 pest categorisation criteria on which the Panel bases its conclusions. All relevant criteria have to be met for the pest to potentially qualify either as a quarantine pest or as a RNQP. If one of the criteria is not met, the pest will not qualify. A pest that does not qualify as a quarantine pest may still qualify as a RNQP that needs to be addressed in the opinion. For the pests regulated in the protected zones only, the scope of the categorisation is the territory of the protected zone; thus, the criteria refer to the protected zone instead of the EU territory.
It should be noted that the Panel's conclusions are formulated respecting its remit and particularly with regard to the principle of separation between risk assessment and risk management (EFSA founding regulation (EU) No 178/2002); therefore, instead of determining whether the pest is likely to have an unacceptable impact, the Panel will present a summary of the observed pest impacts. Economic impacts are expressed in terms of yield and quality losses and not in monetary terms, whereas addressing social impacts is outside the remit of the Panel, in agreement with the EFSA guidance on a harmonised framework for pest risk assessment (EFSA PLH Panel, 2010). The Panel will not indicate in its conclusions of the pest categorisation whether to continue the risk assessment process, but following the agreed two-step approach, will continue only if requested by the risk managers. However, during the categorisation process, experts may identify key elements and knowledge gaps that could contribute significant uncertainty to a future assessment of risk. It would be useful to identify and highlight such gaps so that potential future requests can specifically target the major elements of uncertainty, perhaps suggesting specific scenarios to examine.
3.
Pest categorisation 3. Are there measures available to prevent the entry into, establishment within or spread of the pest within the EU such that the risk becomes mitigated?
Are there measures available to prevent the entry into, establishment within or spread of the pest within the protected zone areas such that the risk becomes mitigated?
Is it possible to eradicate the pest in a restricted area within 24 months (or a period longer than 24 months where the biology of the organism so justifies) after the presence of the pest was confirmed in the protected zone?
Are there measures available to prevent pest presence on plants for planting such that the risk becomes mitigated?
Conclusion of pest categorisation (Section 4)
A statement as to whether (1) all criteria assessed by EFSA above for consideration as a potential quarantine pest were met and (2) if not, which one (s) were not met A statement as to whether (1) all criteria assessed by EFSA above for consideration as potential protected zone quarantine pest were met, and (2) if not, which one(s) were not met A statement as to whether (1) all criteria assessed by EFSA above for consideration as a potential RNQP were met, and (2) if not, which one(s) were not met
Is the identity of the pest established, or has it been shown to produce consistent symptoms and to be transmissible?
Yes Vialle et al., 2011) , the last referring to the uredinial state of the fungus (EPPO, 1997) . In addition, the Latin binomial Caeoma faulliana was used for the aecial state (EPPO, 1997).
Biology of the pest
M. medusae is a heteroecious rust fungus having Populus spp. as primary hosts producing telia and uredinia and various conifers as secondary hosts producing spermagonia and aecia, though in mild climates the fungus may overwinter as uredinial mycelium in buds and bark of poplars without the need for an alternate host (EPPO, 1997; Sinclair and Lyon, 2005) (Figure 1 ). In the heteroecious cycle, the fungus overwinters as telia, arising beneath the epidermis of poplar leaves (Sinclair and Lyon, 2005) , and releasing basidiospores in the spring. Thus, infections of aecial hosts occur in the spring through basidiospores on young current-year needles. Spermagonia and aecia develop within about two weeks on the undersides of slightly chlorotic portions of needles (Sinclair and Lyon, 2005) .
Aeciospores may be carried over long distances in the wind; they are unable to reinfect the secondary host, but they infect leaves of susceptible Populus spp. in the summer (EPPO, 1997) . Golden-yellow uredinia producing urediniospores appear on both sides of yellow leaf spots within two more weeks (Sinclair and Lyon, 2005) . The urediniospores produced on Populus spp. can also be carried over long distances by wind, and they may reinfect the primary host species (Sinclair and Lyon, 2005) . Trans-Tasmanian wind currents were responsible for the spread of the fungus from Australia to New Zealand (Wilkinson and Spiers, 1976; Spiers, 1998) , which supports a wide dispersal range of the pathogen. The number of uredinia increases throughout the summer during humid or wet weather as urediniospores reinfect poplar (Sinclair and Lyon, 2005) . M. medusae is a biotrophic, obligate parasite infecting poplar leaves by penetrating through stomata. Other details on the infection biology and patterns of host colonisation have been previously described (Spiers and Hopcroft, 1988) .
Wet, warm and humid weather conditions favour rapid spread of the disease (EPPO, 1997) . Mild wet weather favours infection of both the telial and aecial hosts. At 18°C, more than 24 h with free moisture on needles are necessary for infection of larch needles by basidiospores, and more than 48 h are needed for maximum infection (Sinclair and Lyon, 2005) . Production of urediniospores on telial hosts is favoured by humid weather and temperatures of 15-20°C (Sinclair and Lyon, 2005) . Based on experimental evidence, increased levels of CO 2 and O 3 are likely to predispose plants to increased infection by the rust pathogen (Karnosky et al., 2002) . Furthermore, disease expression of M. medusae isolates from six locations across the eastern USA was mainly influenced by temperature (Prakash and Thielges, 1989) . Simulation models of climate change for France resulted in a predicted expansion of favourable zones for M. medusae inward from the coasts, but with the expected relative frequency remaining low in most areas (Desprez-Loustau et al., 2007) .
Intraspecific diversity
Based on experimental evidence, isolates collected from natural stands of Populus deltoides along the lower Mississippi River Valley from a northern latitude (37°N) were more aggressive than isolates sampled at a more southern latitude (34-36°N) (Prakash and Thielges, 1987) .
Two formae speciales M. medusae f. sp. deltoidae and M. medusae f. sp. tremuloides were described based on the basis of their pathogenicity on Populus species from the section Aigeiros (e.g. Populus deltoides) or Populus (e.g. Populus tremuloides), respectively (Shain, 1988; Boutigny et al., 2013a) .
According to EPPO (2009) 
Detection and identification of the pest
Symptoms similar to those caused on poplar by M. medusae may be caused by other Melampsora spp., which are widespread in Europe (e.g. M. populnea, M. larici-populina) (EPPO, 1997). However, diagnostic protocols for M. medusae based on both morphological traits and molecular assays are available (EPPO, 2009; Boutigny et al., 2013b; Husson et al., 2013) .
3.2.
Pest distribution M. medusae is native to North America and has spread to other continents, including Europe (EPPO, 2018) ( Figure 2) .
Are detection and identification methods available for the pest? 
Pest distribution outside the EU
In North America, M. medusae is widespread in Canada and the United States, while it is present with restricted distribution in Mexico. In South America, the fungus is present with no further details in Bolivia, Brazil and Chile, while the reports from Argentina and Uruguay were deemed unreliable. Therefore, the fungus is reported as absent in the last two countries (EPPO, 2018) .
In Asia, the fungus is reported as present in Japan, with no further information (EPPO, 2018) . In Africa, the pathogen is reported as widespread in South Africa and present, with no further details, in Zimbabwe (EPPO, 2018) .
In Oceania, M. medusae is reported as widespread in both Australia and New Zealand (EPPO, 2018).
Pest distribution in the EU
M. medusae is present, although not widespread, in the EU (Table 2) . Only the telial state of M. medusae f. sp. deltoidae has been reported in Europe (EPPO, 2009 ). The pathogen is reported as present with few occurrences both in Belgium and France, and present with a restricted distribution in South Portugal (EPPO, 1997) . A record from Spain was deemed unreliable, and thus the pathogen is reported as absent in that country (EPPO, 2018) . Slovenia reported M. medusae as absent in 2017 (EPPO, 2018) . The pathogen is reported as absent in the UK (UK Plant Health Portal, accessed March 2018). The pathogen is also reported as absent based on survey conducted in 2017 in the Netherlands (EPPO, 2018) . With this exception, there are no reports of absence available to the Panel that have been confirmed by survey.
In France, an outbreak of M. medusae was detected in December 2013 on several clones of poplar grown in a nursery in the department of Gers (Aquitaine region, SW France). Surveys were carried out to delimit the extent of the disease (Anon, 2014 Tables 3 and 4 .
Is the pest present in the EU territory? If present, is the pest widely distributed within the EU?
Yes, the pest is present in the EU territory, but it is not widely distributed. (9), where appropriate, official statement that no symptoms of Melampsora medusae Th€ umen have been observed at the place of production or its immediate vicinity since the beginning of the last complete cycle of vegetation. 13.1. Plants of Populus L., intended for planting, other than seeds, originating in third countries Without prejudice to the prohibitions applicable to the plants listed in Annex III(A)(3), official statement that no symptoms of Melampsora medusae Th € umen have been observed at the place of production or its immediate vicinity since the beginning of the last complete cycle of vegetation.
Section II
Plants, plant products and other objects originating in the Community 5. Plants of Abies Mill., Larix Mill., Picea A. Dietr., Pinus L., Pseudotsuga Carr. and Tsuga Carr., intended for planting, other than seeds Without prejudice to the requirements applicable to the plants listed in Annex IV(A)(II)(4), where appropriate, official statement that no symptoms of Melampsora medusae Th € umen have been observed at the place of production or in its immediate vicinity since the beginning of the last complete cycle of vegetation.
6. Plants of Populus L., intended for planting, other than seeds Official statement that no symptoms of Melampsora medusae Th € umen have been observed at the place of production or in its immediate vicinity since the beginning of the last complete cycle of vegetation.
Annex V
Plants, plant products and other objects which must be subject to a plant health inspection (at the place of production if originating in the Community, before being moved within the Communityin the country of origin or the consignor country, if originating outside the Community) before being permitted to enter the Community Part A Plants, plant products and other objects originating in the Community
3.4.
Entry, establishment and spread in the EU
Host range
The major (i.e. highly susceptible) telial hosts for M. medusae are the North American Populus balsamifera, P. deltoides and P. tremuloides, and the European P. nigra (EPPO, 2018) . There is some inconsistent information on the susceptibility level of P. nigra var. italica (EPPO, 1997) , which is reported as susceptible in New Zealand (Spiers, 2009 ; see also Sinclair and Lyon, 2005) . Hybrids and cultivars of the above poplar species are susceptible as well (EPPO, 1997) . An overview of the susceptibility of various poplar cultivars planted in Europe is provided by Pinon and Valadon (1997) and Anon (2006) . P. yunnanensis is reported as resistant (EPPO, 1997) .
P. alba and P. tremula, both native in Europe, are reported to be resistant to infection by M. medusae (i.e. few lesions, no leaf necrosis) in New Zealand (Spiers, 2009 ). However, the infection of P. alba var. hickeliana by M. medusae has been reported (Sharma and Heather, 1977) . Moreover, Populus as a genus is reported as a minor host of M. medusae by the UK Plant Health Portal (https://planthealthportal.defra.gov.uk/data/pests/362/data) The alternate aecial hosts for the pathogen are Larix spp., Pinus spp., especially young plants, and Pseudotsuga menziesii (Ziller, 1965 (Ziller, , 1974 EPPO, 1997 EPPO, , 2018 . The following are reported as incidental aecial hosts: Abies spp., Picea spp., and Tsuga spp. (EPPO, 2018) . There are no reports of the aecial state in the EU (EPPO, 2009) .
In Council Directive 2000/29/EC, the pest is not regulated on a particular host or commodity; its introduction into the EU is banned (Annex IAI).
Entry
M. medusae is already present in the EU territory, although not widely distributed and only represented by M. medusae f. sp. deltoidae (EPPO, 2009) .
Host commodities which could provide a pathway of entry for the pathogen in additional EU countries are:
• plants for planting, and • cut branches of host species, both telial (Populus as a genus) and aecial hosts (see Section 3.4.1) (EPPO, 2018 Is the pest able to enter into the EU territory?
Yes, the pest has been reported from three EU MS. Further introductions into the EU could occur via movement of host plants for planting and cut branches. also enter in other EU MSs via natural spread, although the forms of the pathogen present in Europe do not seem aggressive and have had no tendency to spread (EPPO, 1997) . The pathway plants for planting is closed for the aecial hosts due to Council Directive 2000/29/EC banning the import of plants of Abies, Larix, Picea, Pinus, Pseudotsuga and Tsuga, other than fruit and seeds (from non-European countries). However, the import into the EU of plants of Populus is only banned from North-American countries, whilst the pathogen is reported also from South America, Africa, Asia and Oceania. Moreover, according to EPPO (1997) , aecia are occasionally produced on cones of conifers, which would imply that there is an additional pathway not covered by the legislation.
As of February 2018, there were no records of interception of M. medusae in the Europhyt database.
Establishment

EU distribution of main host plants
The fungus is already present and established in three EU MS (see Table 2 ). The main native telial host species P. nigra is widely distributed throughout the EU, with the exception of northern countries ( Figure 3) . P. deltoides and hybrids between P. deltoides and P. nigra, as well as other North American telial host species and their hybrids are cultivated in plantations throughout the EU.
The alternate aecial hosts of M. medusae are also present and widely distributed in the EU. The natural distribution of the European larch L. decidua is mainly restricted to the Alps and the Carpathians, but the species has been planted elsewhere mostly in central and northern Europe (Figure 4) . The genus Pinus is present in natural forest stands or plantations all over EU, although more abundantly in central and northern countries ( Figure 5 ). The North American alternate host P. menziesii has been widely planted as a reforestation species in Western Europe (Da Ronch et al., 2016) . In Europe, 80% of the P. menziesii area is to be found in three countries: France (half of the European area), Germany and the UK ( Figure 6) (Da Ronch et al., 2016) .
Is the pest able to become established in the EU territory?
Yes, the pest is already established in three EU MS, although with few occurrences or restricted distribution. The distribution ranges of telial and aecial hosts of M. medusae overlap to a large extent in the EU, except in the northern countries, where the main native telial host is absent.
Climatic conditions affecting establishment
The distribution of M. medusae in North America (Figure 2 ; Section 3.2.1) covers areas with a wide range of climate types which to a large extent overlap with the distribution of native and non-native telial and aecial hosts present in Europe. Therefore, climate is assumed not to be a limiting factor for the establishment of the pathogen in the EU.
However, the reported lower pathogenicity of populations present in France was attributed to environmental amongst other factors (Pinon, 1986 ).
Spread
M. medusae is characterised by a high dissemination potential. Urediniospores and aeciospores of the pathogen can be spread by wind over long distances. Successful airborne spread of M. medusae has been reported for the introduction of the pathogen into New Zealand from Australia in 1973 and later years (Spiers, 1998) . The fungus spread 2,000 km by wind to the islands of New Zealand and high correlations were found between the wind patterns in this area and the newly detected infestation sites in New Zealand (Brown, 1984) .
In Australia, M. medusae was first detected on 27 January 1972 on poplars near Sydney (Walker and Hartigan, 1972) . Within 2 months, the rust had spread over a large area from Melbourne to south Queensland (Viljanen-Rollinson and Cromey, 2002) .
In North America, there is genetic evidence that epidemics of M. medusae originate in regions of co-occurrence of telial and aecial hosts (where the rust can complete its life cycle), with annual recolonisation by the pathogen of areas without co-occurrence of telial and aecial hosts (Bourassa et al., 2007) .
The pathogen can also be spread on infected planting material of the various hosts (EPPO, 1997).
Impacts
M. medusae is the most widespread and important Melampsora rust in North America (Sinclair and Lyon, 2005) . The pathogen can have impacts on both the telial and the aecial hosts. It causes the leaves of susceptible poplars to shrivel and fall prematurely, reducing growth (Figure 7) . In one test involving natural infection, the average annual growth loss in terms of volume of wood of five clones was 31-42% and the volume loss in highly susceptible clones ranged up to 57% (Sinclair and Lyon, 2005) . Premature leaf drop and loss of vigour may also be observed in Larix spp., Pinus spp. and P. menziesii (EPPO, 1997) .
M. medusae is very damaging in both Australia and New Zealand, where Populus has been introduced into a new environment. In western Canada, where the rust is native, extensive damage has also been reported to conifers and Populus spp. in nurseries and plantations as well as in natural forests (EPPO, 1997) .
The rust has been reported in France on poplar plantations and nurseries but it has remained with restricted distribution and without economic significance (EPPO, 1997; Desprez-Loustau et al., 2007) . However, there is the potential for significant impacts on wood production and ecosystem services; in France, there are about 240,000 ha of poplar plantations (about 1.6% of the total forest area), which produce about 1.3 million m 3 of wood per year, i.e. ca. 25% of broadleaved wood production (Husson et al., 2013) .
The reduced pathogenicity in Europe was ascribed to environmental factors which seem to limit its spread, because of overwintering problems, host alternation and ecological constraints (Pinon, 1986) . According to EPPO (2009), M. medusae has not yet been found on any aecial host in the EPPO region. Other European Melampsora spp. cause very similar diseases on European Populus spp., and have been, up to now, of much greater significance (EPPO, 1997) . On the basis of the evidence from France, the form of the pathogen reported in Europe would have little impact in other European countries. The introduction of aggressive isolates of M. medusae in the EU might cause serious losses, particularly in areas with a mild winter where no alternate host is required (EPPO, 1997) .
Moreover, M. medusae has been shown to be able to hybridise with other Melampsora spp., thus leading to the emergence of new fungal pathogen species and novel host-pathogen associations (Spiers and Hopcroft, 1994; Newcombe et al., 2000; Wingfield et al., 2010) .
3.6.
Availability and limits of mitigation measures • In areas with mild winters, no alternate host is required for the establishment and spread of the disease (EPPO, 1997; Sinclair and Lyon, 2005) .
• The genetic uniformity of Populus plants for planting may facilitate the spread of the pathogen (EPPO, 1997) .
3.6.1.2. Biological or technical factors limiting the ability to prevent the presence of the pest on plants for planting
• Long-distance dispersal may limit the ability to prevent the presence of the pest on plants for planting.
Pest control methods
• Some resistant Populus cultivars are available (Siwecky, 1974; EPPO, 1997 ).
• Increasing host genetic diversity can prevent disease impacts (Prakash and Thielges, 1989 ).
• Removing and destroying diseased leaves from the ground may help reduce infections (Anon, 2011) .
• Wide spacing between trees may create a less favourable microclimate for spread and infection (Anon, 2011) .
• Production of plants for planting in pest free areas and places of production can prevent pest presence on plants for planting.
• No information was found on chemical control methods in nurseries or plantations specific to M. medusae. Chemical control of generic poplar rusts in France is described in Anon (2006) .
Uncertainty
There is uncertainty about which factors may be limiting the spread of M. medusae in the EU MS which have reported the pathogen (overwintering problems, host alternation or ecological constraints) (Pinon, 1986) .
It is unclear if the low pathogenicity of the populations of M. medusae present in Europe may be due to a reduced life cycle and/or to the environmental factors listed above. There is uncertainty about the life cycle of the pathogen in Belgium, France and Portugal.
There is uncertainty about the level of susceptibility of the native P. alba and P. tremula.
Conclusions
M. medusae meets the criteria assessed by EFSA for consideration as a potential quarantine pest (Table 5 ). EUFGIS (http://portal.eufgis.org) is a smaller geodatabase providing information on tree species composition in over 3,200 forest plots in 34 European countries. The plots are part of a network of forest stands managed for the genetic conservation of one or more target tree species. Hence, the plots represent the natural environment to which the target tree species are adapted.
A.1.5.
Georeferenced Data on Genetic Diversity (GD 2 ) GD 2 (http://gd2.pierroton.inra.fr) provides information about 63 species of interest for genetic conservation. The database covers 6,254 forest plots located in stands of natural populations that are traditionally analysed in genetic surveys. While this database covers fewer species than the others, it covers 66 countries in Europe, North Africa, and the Middle East, making it the data set with the largest geographic extent.
A.2. Modelling methodology
For modelling, the data were harmonised in order to have the same spatial resolution (1 km 2 ) and filtered to a study area comprising 36 countries in the European continent. The density of field observations varies greatly throughout the study area and large areas are poorly covered by the plot databases. A low density of field plots is particularly problematic in heterogeneous landscapes, such as mountainous regions and areas with many different land use and cover types, where a plot in one location is not representative of many nearby locations (de Rigo et al., 2014) . To account for the spatial variation in plot density, the model used here (C-SMFA) considers multiple spatial scales when estimating RPP. Furthermore, statistical resampling is systematically applied to mitigate the cumulated data-driven uncertainty.
The presence or absence of a given forest tree species then refers to an idealised standard field sample of negligible size compared with the 1 km 2 pixel size of the harmonised grid. The modelling methodology considered these presence/absence measures as if they were random samples of a binary quantity (the punctual presence/absence, not the pixel one). This binary quantity is a random variable having its own probability distribution which is a function of the unknown average probability of finding the given tree species within a plot of negligible area belonging to the considered 1 km 2 pixel (de Rigo et al., 2014) . This unknown statistic is denoted hereinafter with the name of 'probability of presence'. C-SMFA performs spatial frequency analysis of the geolocated plot data to create preliminary RPP maps (de Rigo et al., 2014) . For each 1 km 2 grid cell, the model estimates kernel densities over a range of kernel sizes to estimate the probability that a given species is present in that cell. The entire array of multi-scale spatial kernels is aggregated with adaptive weights based on the local pattern of data density. Thus, in areas where plot data are scarce or inconsistent, the method tends to put weight on larger kernels. Wherever denser local data are available, they are privileged ensuring a more detailed local RPP estimation. Therefore, a smooth multi-scale aggregation of the entire arrays of kernels and data sets is applied instead of selecting a local 'best performing' one and discarding the remaining information. This array-based processing, and the entire data harmonisation procedure, are made possible thanks to the semantic modularisation which defines the Semantic Array Programming modelling paradigm (de Rigo, 2012) .
The probability to find a single species (e.g. a particular coniferous tree species) in a 1 km 2 grid cell cannot be higher than the probability of presence of all the coniferous species combined. The same logical constraints applied to the case of single broadleaved species with respect to the probability of presence of all the broadleaved species combined. Thus, to improve the accuracy of the maps, the preliminary RPP values were constrained so as not to exceed the local forest-type cover fraction with an iterative refinement (de Rigo et al., 2014) . The forest-type cover fraction was estimated from the classes of the Corine Land Cover (CLC) maps which contain a component of forest trees (Bossard et al., 2000; B € uttner et al. 2012 ). The resulting probability of presence is relative to the specific tree taxon, irrespective of the potential co-occurrence of other tree taxa with the measured plots, and should not be confused with the absolute abundance or proportion of each taxon in the plots. RPP represents the probability of finding at least one individual of the taxon in a plot placed randomly within the grid cell, assuming that the plot has negligible area compared with the cell. As a consequence, the sum of the RPP associated with different taxa in the same area is not constrained to be 100%. For example, in a forest with two co-dominant tree species which are homogeneously mixed, the RPP of both may be 100% (see e.g. the Glossary in San- , http://forest.jrc.ec.europa.eu/media/atlas/Glossary.pdf).
The robustness of RPP maps depends strongly on sample plot density, as areas with few field observations are mapped with greater uncertainty. This uncertainty is shown qualitatively in maps of 'RPP trustability'. RPP trustability is computed on the basis of the aggregated equivalent number of sample plots in each grid cell (equivalent local density of plot data). The trustability map scale is relative, ranging from 0 to 1, as it is based on the quantiles of the local plot density map obtained using all field observations for the species. Thus, trustability maps may vary among species based on the number of databases that report a particular species (de Rigo et al., 2014 (de Rigo et al., , 2016a .
The RPP and relative trustability range from 0 to 1 and are mapped at a 1 km spatial resolution. To improve visualisation, these maps can be aggregated to coarser scales (i.e. 10 9 10 pixels or 25 9 25 pixels, respectively summarising the information for aggregated spatial cells of 100 and 625 km 2 ) by averaging the values in larger grid cells.
